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(54) A method and apparatus for converting synchronous narrowband signals into broadband 
asynchronous transfer mode signals in an integrated telecommunications network 



(57) The network of the invention uses asynchro- 
nous transfer mode (ATM) as the exclusive transport be- 
tween the central office and the outside distribution plant 
of either a SONET or analog facility. Telephony and oth- 
er narrowband signals are transported from a local 
switching system over synchronous facilities to a host 
terminal. Digital video and digital data ATM signals are 
transmitted to the host terminal from a video provider 
and data service provider, respectively. The host termi- 
nal converts the synchronous narrowband signals to 
composite cell ATM format and combines these signals 
with the ATM video and data signals and delivers the 
ensemble of ATM cells over either a standard SONET 
transport format to a plurality of distribution managers 
or other network elements or analog network. To convert 
the synchronous signals, the host terminal of the inven- 
tion includes a synchronous to asynchronous converter 
(SAC) that provides the format conversion needed to 
provide voice and other narrowband signals over ATM. 
The SAC also functions to agilely move between cell siz- 
es such that the 48 bytes of the cell payload can be 
mapped to carry anywhere between the single and 48 
connections. Thus, the SAC adjusts the cell configura- 
tion to balance performance and bandwidth use in a re- 
al-time manner. Each distribution manager consists of 
several functional elements including an ATM routing 
function that directs the ATM cells to the correct line drop 
or processing logic. Specifically, composite cells from 
the host terminal are received by the distribution man- 



ager ATM switch fabric. Based on the contents of their 
headers, the cells are routed by the fabric to one of sev- 
eral ports. If the address indicates the cells are teleph- 
ony cells, they are routed to a SAC input where the te- 
lephony ATM cells are converted back to synchronous 
traffic and transmitted to the customer premise over a 
line card and narrowband drop. If the cells are data or 
video cells, they are routed to the appropriate interface, 
and out the broadband line card and drop. 
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Description 

Background of the Invention 

The invention relates, generally, to telecommunica- 
tions systems and, more particularly, to an integrated 
network for providing narrowband services such as te- 
lephony, and broadband services such as data and dig- 
ital video using an asynchronous transfer mode (ATM) 
transport between the central office and the outside dis- 
tribution plant and for creating asynchronous transfer 
mode (ATM) cells. 

It will be appreciated that telephony services pres- 
ently are provided over a narrowband network that is 
designed primarily to provide voice to the home. A sep- 
arate video service network, such as a cable television 
network, provides either digital or analog video service 
to the home. Moreover, both telephony service provid- 
ers and cable television service providers are introduc- 
ing broadband technologies such as asynchronous 
transfer mode (ATM) services in their respective net- 
works to provide video, data or other broadband servic- 
es. It is possible that ultimately these networks may be- 
come redundant insofar as some of the services they 
provide; however, it is likely that some services will re- 
main the prime domain of one or the other of the net- 
works such that a consumer that desires all of these 
services would be required to subscribe to a plurality of 
networks. From the consumer's perspective, the need 
to deal with two or more separate network operators is 
inconvenient and confusing. Moreover, because the 
networks are developing independently, it is also likely 
that different architectures and protocols may ultimately 
evolve. As a result, the cost of maintenance, implemen- 
tation and expansion of services on two or more sepa- 
rate networks will be higher than if a single integrated 
network is developed, and this cost ultimately will be 
passed to the consumer. 

Moreover, the typical network uses narrowband 
transports for narrowband signals such as digital voice, 
and broadband ATM transport, for broadband signals 
such as digital video and data, between the central office 
and outside distribution plant. The use of the two trans- 
ports complicates the network as each element in the 
network between the central office and the customer 
premise must carry both transports. Importantly, the net- 
work operator must predict the relative volume of traffic 
that will be carried over the two transports and design 
and build the network facilities based on these predic- 
tions. If the predictions provide to be inaccurate, the 
amount of traffic that can be carried by the transports 
will be limited by the original network design such that 
the network may have excess capacity of one transport 
and insufficient capacity of the other transport. Thus, it 
is desirable to provide a network in which the type of 
information being carried is monolithic such that the net- 
work can adapt to and accommodate actual use loads 
rather than being constrained by expected use loads. 



It would be advantageous if both broadband and 
narrowband services could be provided to the home 
over a single ATM technology based network. The inte- 
gration of these various services into an ATM based net- 

5 workwould provide asimpler and more userfriendly net- 
work for customer interface. Moreover, the cost for im- 
plementation, maintenance and expansion for a single 
ATM based integrated network would be less than for a 
plurality of independent networks each providing some, 

10 but not all, of the desired services. These savings could 
be passed on the consumer resulting in lower total cost 
for the services to the customer. Finally, the use of a 
single ATM based integrated network would provide a 
consistent quality standard and facilitate the standardi- 

15 zation of customer premise equipment and other net- 
work interfaces. 

Standard ATM technology packs data into cells 
where each cell is 53 bytes long and consists of a 5 byte 
header and a 48 byte payload. All of the bytes of the 48 

20 byte payload are associated with a single connection. 
As a result each cell must be delayed 6 microseconds 
prior to transmission to allow the 48 samples to be col- 
lected and inserted into the cell at an 8 kilobyte per sec- 
ond sampling rate. This delay results in an echo such 

25 that relatively expensive echo cancellers are used in the 
network (such as in the line cards of the switching sys- 
tem) to eliminate the effects of the delay. 

An improvement over standard ATM technology is 
ATM composite cell technology. A detailed description 

30 of ATM composite cell technology can be found in U.S. 
Patent No. 5,345,445 entitled "Establishing Telecommu- 
nications Cells In A Broadband Network" issued to Hiller 
et al. on September 6, 1994. The basic difference be- 
tween standard ATM technology and composite cell 

35 technology is that using composite cell technology, each 
cell carries one sample of up to 48 different connections 
where each sample fills one of the 48 bytes of the cell 
payload. ATM transmission systems using composite 
cell technology do not experience the delay found in 

40 standard ATM systems because the cell does not delay 
the 6 microseconds waiting for the 48 samples of the 
single connection to arrive. As a result, the problem of 
echo and the corresponding need for echo cancellers is 
eliminated. Moreover, new connections usually can be 

45 established by using available bytes in the cells of ex- 
isting virtual connections. 

While composite cell technology is a very efficient 
mechanism for transmitting signals over ATM, it is 
somewhat limited in that the number of cells per frame 

50 is designed into the network. As a result, a significant 
increase or decrease in signal traffic cannot be easily 
accommodated. Moreover, while composite cell tech- 
nology eliminates echo, it does not necessarily maxi- 
mize the efficient use of bandwidth under all traffic loads. 

55 Thus, it would be desirable to provide a mechanism for 
adjusting the composite cell configuration to accommo- 
date changes in signal traffic levels to appropriately bal- 
ance the tradeoff between bandwidth and performance 
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for any given traffic level. 

Moreover, the typical network uses narrowband 
transports for narrowband signals such as digital voice, 
and broadband ATM transport, for broadband signals 
such as digital video and data, between the central office 
and outside distribution plant. The use of the two trans- 
ports complicates the network as each element in the 
network between the central office and the customer 
premise must carry both transports. Importantly the net- 
work operator must predict the relative volume of traffic 
that will be carried over the two transports and design 
and build the network facilities based on these predic- 
tions. If the predictions provide to be inaccurate, the 
amount of traffic that can be carried by the transports 
will be limited by the original network design such that 
the network may have excess capacity of one transport 
and insufficient capacity of the other transport. It is de- 
sirable to provide a network in which the type of infor- 
mation being carried is monolithic such that the network 
can adapt to and accommodate actual use loads rather 
than being constrained by expected use loads. In order 
to provide such a network a device for agilely converting 
the synchronous narrowband traffic to an ATM transport 
is required. 

Thus, a problem in the art exists in that an integrated 
network for efficiently carrying both broadband and nar- 
rowband signaling from the central office to the custom- 
er premise over ATM and a method and apparatus for 
agilely converting from synchronous signals to ATM 
composite cell transport do not exist. 

Summary of the Invention 

The network of the invention uses an ATM infra- 
structure to provide telephony video and data to a di- 
verse set of end users including single family residenc- 
es, apartment complexes, and businesses. It uses ATM 
as the exclusive transport between the central office and 
the outside distribution plant. Telephony and other nar- 
rowband signals are transported from a local switching 
system over synchronous facilities to a host terminal. 
Digital video and digital data ATM signals are transmit- 
ted to the host terminal from a video provider and data 
service provider, respectively. The host terminal con- 
verts the synchronous narrowband signals to composite 
cell ATM format and combines these signals with the 
ATM video and data signals and delivers the ensemble 
of ATM cells over a standard SONET transport format 
to a plurality of distribution managers or other network 
elements. 

To convert the synchronous signals, the host termi- 
nal of the invention includes a synchronous to asynchro- 
nous converter (SAC) that provides the format conver- 
sion needed to provide voice over ATM. In the down- 
stream direction, it receives a plurality of 64 kbps syn- 
chronous time slots over a set of DS1 feeders or a syn- 
chronous SONET facility and converts them into a se- 
quence of ATM composite cells, each cell holding 48 



DSOs. Specifically, synchronous traffic enters the SAC 
through a facility interface. This could be a group of T1 
signals or a SONET fiber. After the facilities are framed 
and converted to DSOs, a time slot interchanger (TSI) 
5 places feeder time slots from the facility interface into 
an ATM adaptation layer logic where the feeder time 
slots are converted to the composite cell stream des- 
tined for any distribution manager. A map in the TSI con- 
trols the interchanger function. Next, the DSO channels 
10 from the TSI pass through an ATM Adaptation Layer 
(AAL) that buffers the time slots, gathers them into 
groups of up to 48, and adds a 5 byte ATM header con- 
taining addressing information that it reads out of a 
header RAM. The resulting cells are buffered, and sent 
15 to the backplane of the switching fabric. In the reverse 
direction, cells from the backplane are buffered in a cell 
queue, pass through the AAL where the headers are 
checked and stripped off, and finally, the recovered 
DSOs are passed through the TSI back to the facility in- 
20 terface. The SAC also functions to agilely move be- 
tween cell sizes such that the 48 bytes of the cell can 
be mapped to carry anywhere between the single and 
48 connections. Thus, the SAC adjusts the cell config- 
uration to balance performance and bandwidth use in a 
25 real-time manner to make optional use of the distribution 
facility bandwidth. 

The distribution managers in the network of the in- 
vention are connected to the host terminals over SON- 
ET facilities. These facilities can be either point to point 
30 fiber runs, or SONET rings. SONET rings offer advan- 
tages in this architecture by permitting several distribu- 
tion managers to be connected to a single SONET line 
card facility interface. The number of distribution man- 
agers per ring can be varied to allow for different sizes 
35 of distribution managers, feature mixes, available band- 
widths, and fault group sizes. Each distribution manager 
consists of several functional elements including an 
ATM routing function that directs the ATM cells to the 
correct line card or processing logic. Specifically, com- 
40 posite cells from the host terminal are received by the 
distribution managers ATM switch fabric. Based on the 
contents of their headers, the cells are routed by the fab- 
ric to one of several ports. If the address indicates that 
the cells are destined for another distribution manager 
45 in a SONET ring, the cells are directed to the SONET 
facility output port in order to pass cells on to the next 
distribution manager. If the address indicates the cells 
are telephony cells, they are routed to a SAC input 
where the telephony ATM cells are converted back to 
50 synchronous traffic and transmitted to the customer 
premise over a line card and narrowband drop. If the 
cells are data or video cells, they are routed to the ap- 
propriate interface, and out the broadband line card and 
drop. 

55 

Brief Description of the Drawing 

FIG. 1 is a block diagram showing the network ar- 
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chitecture of the invention; 

FIG. 2 is a block diagram of the switching system 
of the network of FIG. 1; 

FIG. 3 is a block diagram of the host terminal of the 
network of FIG. 1 ; 

FIG. 4 is a block diagram of the Synchronous to 
Asynchronous converter of the network of FIG. 1 ; 
FIG. 5 is a table illustrating various cell configura- 
tions; 

FIG. 6 is a flow chart illustrating the operation of the 
synchronous to asynchronous converter of the in- 
vention; and 

FIG. 7 isablockdiagram of the distribution manager 
of the network of FIG. 1. 

Detailed Description 

Referring more particularly to FIG. 1 , the overall ar- 
chitecture of the network of the invention is shown con- 
sisting generally of a broadband center 2, a switching 
center 4 and an outside distribution plant 6. The broad- 
band center 2 includes those elements that select, con- 
trol and administer digital broadcast services and pro- 
vides an interface between the video and data informa- 
tion providers and the network. The switching center 4 
consists of those elements for switching telephony and 
digital video and data signals from the source of the sig- 
nals (i.e. the broadband center 2 for video and data sig- 
nals and the public switched telephone networks for the 
telephony signals) and for creatingthe ensemble of ATM 
cells. The outside distribution plant 6 includes those el- 
ements for transmitting the video, data and telephony 
signals to the customer premise equipment (CPE) 10. 
It is to be understood that the CPE 10 includes tele- 
phones, televisions, multimedia equipment, terminals, 
personal computers, home network controllers or any 
equipment used by a customer to receive and/or trans- 
mit video, data, telephony and control signals. 

Referring more particularly to the broadband center 
2, a broadband switching system (BSS) 12 supports 
both permanent virtual circuit and switched virtual circuit 
services. BSS 12 can consist of the GlobeView™ - 2000 
switch manufactured and sold by Lucent Technologies 
Inc. or other similar broadband switch. A video manager 
14 acts as a subscriber interface to provide subscribers 
with access to video information providers to establish 
and manage network connections. The video manager 
14 stores subscriber information and video provider in- 
formation and serves as a central repository for this in- 
formation. It provides this information to other network 
elements and to the information providers creating a 
revenue opportunity for the service provider. The video 
manager 1 4 also provides billing related measurements 
(such as session counts, usage information or the like), 
call set up, menus and call control. 

A video server 16 provides the video content for 
transmission through the network to the customer 
premise equipment 10. The video server 1 6 can include 



switched digital video, broadcast digital video or the like. 
It will be appreciated that switched digital video signals 
are encapsulated in ATM cells and broadcast digital vid- 
eo includes compressed and encoded ATM formatted 

5 programming where an ensemble of channels are pack- 
aged and selectively broadcast to CPEs 10 in a serving 
area via BSS 12. Likewise, a data manager 18 and a 
data server 20 are provided for delivering the data con- 
tent to the network in ATM format that function similarly 

10 to the video manager 1 4 and video server 1 6 described 
above. It will be appreciated that the BSS 12 can also 
provide connectivity to the Internet. 

The content from the video servers 16 and data 
servers 20 is delivered to the network by BSS 12 as 

15 ATM-standard SONET rate (e.g. OC-3, OC-12 or OC- 
48) signals via optical links 22. The data stream from 
BSS 1 2 is delivered to the switching center 4 for distri- 
bution to the customer premise equipment as will here- 
inafter be described or to the ATM toll infrastructure in- 

20 eluding the Internet. 

The switching center 4 consists of two major ele- 
ments: a switching system 30 and a host terminal 32. 
Switching system 30 provides all narrowband telephony 
call processing and can consist of the 5ESS® switch 

25 manufactured and sold by Lucent Technologies Inc. and 
described in U.S. Patent No. 4,592,048 issued to Beck- 
ner et al. on May 27, 1 986 and in AT&T Technical Jour- 
nal , Vol. 64, No. 6, Part 2, pp. 1305-1 564, or other similar 
switching systems. Switching system 30 operates as is 

30 well known in the art to switch telephony signals through 
the network. The architecture of such a switching sys- 
tem is shown in greater detail in FIG. 2 and includes a 
communication module 34 forming a hub and having a 
plurality of switch modules 36, and an administration 

35 module 38 emanating therefrom. Each switch module 
36 is controlled by microprocessor 37 and provides call 
processing, time division switching, and signalingforthe 
lines and trunks to which it is connected. Line units 43 
provide interface to digital signal carriers 41 that connect 

40 to the host terminal 32 and trunk units 40 provide inter- 
face to the trunks 47 that connect to other switches in 
the public switched network 45. The administration 
module 38 provides functions that can be centralized 
such as maintenance control, craft interface, text and 

45 data base management, call routing and time slot allo- 
cation. The administration module 38 consists of a con- 
trol unit such as the Lucent Technologies Inc. 3B21D 
duplex processor 46 and main store memory 48. In 
some switching systems, the administration module is 

50 assisted by a separate processor that performs some 
administrative functions. The administration module 38 
also includes an input/output processor 50 providing 
communication between the switching system 30 and 
peripheral devices 52 such as terminals, printers and 

55 the like. Communication module 34 is the hub of the 
switching system and allows communication between 
the administration module 28 and the switch modules 
36. Communication module 34 consists of a message 
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switch that provides the administration module-to- 
switch module, and switch module-to-switch module, 
message communication and a time multiplexed switch 
providing the switch module to switch module and 
switch module to administration module time slot con- 
nection for voice and data communication and the clock 
distribution. 

Switching system 30 interfaces with host terminal 
32 over a standard interface such as TR-303, TR-08 or 
the like. The interface is physically provided by standard 
synchronous time division multiplexing digital signal car- 
riers 41 such as DS1 , SONET OC-3, E1 or the like. In 
the preferred embodiment, between two and twenty- 
eight DSIsare used where no concentration is provided 
in the switching system. It will be appreciated that a 
greater number of DS1s may be used if desired. 

Host terminal 32 serves as the integration point for 
all of the narrowband telephony and broadband digital 
signals destined for the CPEs. Host terminal 32, shown 
generally in FIG. 3, is a bus oriented switch having a 
plurality of ATM receivers, including OC-12 interfaces 
60, control processors 62 and synchronous/asynchro- 
nous converters (SAC) 64 and a plurality of ATM trans- 
mitters, including OC-3 interfaces 65, OC-12 interfaces 
66 and OC-48 interfaces 67. It should be noted that host 
terminal 32 could be configured as a shared memory or 
star topology if desired. Each ATM receiver drives cells 
onto ATM backplane 68 at predetermined time slots. All 
ATM cell transmitters monitor the addresses of all of the 
cells delivered from all of the receivers onto backplane 
68, and if a particular cell's address matches an address 
stored in a transmitter's address table, that cell is cap- 
tured from the backplane and is stored in a queue for 
that transmitter. The transmitters read the cells and send 
them to associated SONET facilities for delivery to the 
distribution managers. The switch fabrics are capable 
of broadcast and multicast. Alternatively, broadband in- 
terfaces or telephony interfaces, such as described with 
reference to FIG. 7, could be connected directly to ATM 
backplane 68. 

The OC-12 interfaces 60 receive the OC-12 ATM 
signal from the broadband switching system 12 of the 
broadband center 2. The OC-12 interfaces 60 receive 
both the digital video signals and the data signals. The 
interfaces 60, as are known in the art, provide bus inter- 
facing to prepare the signals for transmission over the 
network: provide signaling functions as designated by 
the chosen ATM adaptation layer; and provide the phys- 
ical input/output interface between the network and the 
host terminal. Control processors 62 receive the opera- 
tions, administration, maintenance and provisioning 
(OAM&P) signals from the OAM&P processor complex 
69 shown as part of the broadband center 2 in FIG. 1 . 
The control processors 62 communicate with the CPE, 
distribution managers, ATM infrastructure and the 
OAM&P processor complex 69 to set up routes through 
the ATM switch fabric. The control processors 62 also 
perform fault recovery and configuration management 



functions. 

The synchronous to asynchronous converter (SAC) 
64 converts the synchronous voice signals received 
from the switching system 30 into ATM signals. The SAC 

5 also creates the composite cells and controls the con- 
figuration of the cells to maximize the throughput of the 
system. The SACs 64 of the host terminal 1 2, as well as 
similar SACs in the distribution managers, allowthe net- 
work of the invention to carry only ATM cells from the 

10 host terminal 32. 

Referring more particularly to FIG. 4, the SAC 64 is 
illustrated and includes a SAC controller 126 including 
a processor 1 28 such as a Motorola Power PC or 68000 
derivative that communicates with other elements of the 

15 SAC and the system processor complex 69 via proces- 
sor interface 1 30. SAC controller 126 further includes a 
RAM 1 32 and flash memory 1 34 that communicate with 
processor 128 and interface 130 over data link 135. 
Controller 126 is responsible for feeding framing infor- 

20 mation to framers 122, fault recovery, populating the 
time slot interchanger map RAM and performing the 
method for determining the composite cell configuration 
as will be hereinafter described. 

The SAC 64 includes a plurality of physical layer 

25 interfaces 120 that receive the synchronous signals 
from the host terminal 32 via interface 41 . The physical 
layer interfaces 1 20 provides line protection as is known 
in the art. From the physical layer interfaces 120, the 
synchronous signals are delivered to framers 122 over 

30 bus 124. The framers 122 frame the signals relative to 
the system clock as directed by the SAC controller 1 26 
via data link 128. The framers can consist of the AT&T 
1000 BS T1 framer or any other suitable device. The 
framed signals from framers 1 22 are delivered to buffers 

35 1 36. 

From buffers 136, the framed signal is delivered 
over bus 127 to time slot interchanger (TSI) 138 that 
consists of a time slot counter 140, map RAM 142 and 
time slot RAM 146. The time slots arriving on bus 127 

40 are ordered as directed by the map RAM 1 42 and deliv- 
ered to bus 147. The map RAM 142 is updated by SAC 
controller 126 via data link 149 in accordance with the 
method of the invention for determining the composite 
cell configuration, as will hereinafter be described. 

45 A service circuit field programmable gate array (FP- 
GA) or application specific interpreted circuit (ASIC) 1 54 
including RAM 157 and the service circuit digital signal 
processor (DSP) 159 monitors signaling state transi- 
tions on buses 1 27 and 1 47. 1 n the downstream direction 

50 the service circuit 154 monitors requests for connec- 
tions and disconnections from the switching system and 
in the upstream direction the service circuit detects off- 
hook and on-hook signals from the distribution manag- 
ers as well as performing other standard DSP functions. 

55 The service circuit 154 informs the SAC controller 128 
of these requests for connections and disconnections 
via data link 156 and this information is used in deter- 
mining the composite cell configuration as will hereinaf- 
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ter be described. The service circuit 1 54 could also per- 
form testing such as measuring noise levels and return 
loss, continuity checks ; and drop tests and generates 
tones in both directions for testing purposes. The serv- 
ice circuit 1 54 also provides D-channel packing for ISDN 
signaling. Finally, the service circuit performs high level 
data link control (HDLC) that is a robust transmission 
protocol required for TR08 transmission. 

The ordered synchronous signal from time slot in- 
terchanger 138 is delivered to the ATM adaptation layer 
(AAL) FPG A 1 44 over bus 1 47. The AAL 1 44 is the point 
in the SAC where the synchronous signals are convert- 
ed into ATM cells. The AAL 144 communicates with 
header RAM 148 over data link 150 and with SAC con- 
troller 128 over data link 152 as will hereinafter be de- 
scribed. Further, the AAL 144 includes a payload table 
151 that contains the configuration of the ATM cell pay- 
load. Further, the AAL includes a buffer 1 55 for buffering 
the incoming synchronous samples while the composite 
cells are being constructed. 

Referring more particularly to the table of FIG. 5 and 
the flow chart of FIG. 6, the methodology for agilely 
changing the composite cell configuration based on ac- 
tual traffic levels will be explained. Referring to FIG. 5, 
a number of composite cells are illustrated, all of which 
include an 8 byte header and 48 bytes of payload, how- 
ever, the cells differ in the way that the 48 byte payload 
is configured. For example, cell size 1 (CS1 ) consists of 
48 samples of a single connection, i.e all 48 bytes of 
payload are samples from the same connection (stand- 
ard ATM cell configuration). CS2 consists of a payload 
having 24 samples from two different connections. The 
other illustrated cell configurations CS3 through CS48 
show different ratios of samples to connections where 
100% utilization of the ATM cell payload occurs. The ra- 
tio between the number of samples and the number of 
connections can be varied provided that the product of 
these variables is 48. Moreover, it is possible to select 
the numbers of connections to be other than those 
shown in FIG. 5 where less than all of the available pay- 
load is utilized. For explanatory purposes, the number 
of samples per connection will be referred to as J and 
the number of connections per cell will be referred to as 
K where J x K = 48. For example, for a CSS cell J = 6 
and K = 8. The actual cell configuration will be deter- 
mined by the SAC on a continuing basis as determined 
by traffic levels as will hereinafter be explained. 

Referring to FIG. 6 ; assume for purposes of expla- 
nation that framed, synchronous, ordered signals are 
being delivered to AAL 144 over bus 147 and that the 
ATM payload is being configured as a CS6 cell. The AAL 
144 receives DSOs from time slot bus 147 every 125 
microseconds (block 601). The signaling bits are split 
off from each DS0 either by the AAL 1 44 or by the serv- 
ice circuit FPGA 154 (block 602). J samples from each 
DS0 are buffered in the AAL 144 (block 603). Based on 
the assumption that a CS6 cell is being configured, J = 
8. A payload table 151 in the AAL 144 (see FIG. 4) is 



consulted and the contents of K buffers (where K is the 
number of connections per cell) are combined into a full 
ATM cell payload as ordered by the payload table (block 
604). Again it is assumed that a CS6 cell is being con- 
5 figured where K = 8. Simultaneously with the creation 
of the cell payload, the signaling bits stripped off from 
each DS0 aresubsampled (block 605). Asignaling table 
153 (FIG. 4) in the AAL is consulted and the i signaling 
streams are combined into a full ATM cell payload, 
where i is the number of signaling streams carried in a 
signaling cell (block 606). ATM headers are then read 
from header RAM and are prepended to the full ATM 
cell payloads (block 607). The ATM cell is then transmit- 
ted via the ATM backplane interface to one of a plurality 
of backplane buses (block 608). The ATM backplane in- 
terface also formats the signaling for the specific back- 
plane protocol and performs queuing and congestion 
control functions. 

In addition to generating signaling composite cell 
streams that are carried in parallel with the payload com- 
posite cell streams, two alternative signaling transport 
streams could be employed. First, the signaling bits as- 
sociated with a composite cell's worth of narrowband 
connections could be concatenated with the narrow- 
band data in the same cell. This reduces the number of 
payload channels a given composite cell stream can 
carry by a factor corresponding to the ratio of payload 
bandwidth to signaling bandwidth. Second, the signal- 
ing streams could be carried out of band, by generating 
a complete ATM cell each time any line has a signaling 
state transition. The payload of this cell includes infor- 
mation about the identity of the line that had the transi- 
tion and its old and new signaling state. This method 
uses bandwidth efficiently, at the cost of potentially re- 
quiring extra processing resources to handle the sign- 
aling messages, especially during situations where 
many lines have signaling transitions simultaneously. 

To match the cell configurations to the actual traffic 
level, the SAC processor performs the method steps 
609 through 618 shown in FIG. 6 each time a cell is 
transmitted onto the backplane. The SAC controller 1 28 
first determines if a new off-hook state or request for a 
connection is detected by monitoring the signaling 
streams from the customer premise equipment and the 
host switching system (block 609). Specifically, the serv- 
ice circuit 1 54 detects changes in signaling states to de- 
termine if a CPE has gone off-hook or if a request for a 
connection from the switching system has been made 
as previously described. The service circuit communi- 
cates any state changes to the SAC controller over data 
link 128. If a state change has been detected, the AAL 
determines if there is an idle or unused payload stream 
in an existing cell that is being routed to the customer 
premise equipment destination with the new bandwidth 
request (block 61 0). Specifically, the SAC controller de- 
termines from the payload table in the AAL if the actual 
number of connections is less than K for a given cell. If 
there is an available connection (i.e. the number of con- 
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nections < K) then the new connection is carried on the 
available connection and the payload table in the AAL 
is updated (block 611). If there is no available connec- 
tion (i.e. the number ot connections = K) then more 
bandwidth is allocated by revising the payload table, sig- 
naling table and header RAM to change the number of 
connections per cell (K) and the corresponding number 
of samples per connection (J) (block 612). In the exam- 
ple given above assume that the CS6 cell was carrying 
6 connections such that the entire cell was full. To carry 
a new connection the SAC controller directs the AAL to 
reconfigure the cell to a CS8 cell having 8 available con- 
nections. The six original connections and the new sev- 
enth connection can then be accommodated with one 
idle connection remaining available. To make the con- 
version, the SAC controller maintains mappings for time 
slots for any of the possible cell sizes that may be used. 
When a change in the cell size is required, the mappings 
for the new cell size are delivered from the SAC control- 
ler to the AAL and header RAM such that the incoming 
signals can be mapped accordingly. Because the 
change in cell configuration, if necessary occurs imme- 
diately after a cell is transmitted, the new mappings are 
delivered before the buffering and cell configuring steps 
(blocks 603 and 604) are performed, so the host and 
remote terminal AAL functions remain in sync. 

Similarly, the SAC controller 1 28 performs the same 
analysis for the condition where a connection is termi- 
nated. Specifically, the service circuit FPGA detects sig- 
naling representing on-hook state changes or requests 
for disconnections (block 613). If no connection is ter- 
minated, the analysis is complete (block 614). If a con- 
nection is terminated, the AAL determines if the band- 
width of the existing stream can be reduced (block 615). 
Specifically, the SAC controller reviews the payload ta- 
ble of the AAL and determines if the number of connec- 
tions in use could be carried by a cell using less band- 
width. For example, assuming a CS8 cell is in use, if the 
number of connections falls to six or less, a CS6 cell 
could accommodate all of the connections. Thus, the J 
and K values are changed in the routing tables to allo- 
cate less bandwidth to an existing stream (block 616). 
Using the same example, if seven connections remain 
in use ; the CS6 cell could not accommodate all of the 
connections such that no cell configuration change is 
made and the payload table is simply updated to reflect 
the idled connection (block 617). If a request for an ad- 
ditional connection is received that exceeds the maxi- 
mum payload capacity of the existing cell stream to an 
endpoint, an entirely new composite cell stream is cre- 
ated (block 618). Likewise, if the removal of a connec- 
tion results in a situation where the existing connections 
can be accommodated without using an additional cell 
stream, the number of cell streams is reduced (block 
619). If the cell configuration is changed to either in- 
crease or decrease the bandwidth of the existing stream 
(blocks 604 and 608), or to increase or decrease the 
number of cell streams (blocks 618 and 619) a control 



message is sent to the distribution managers to update 
the payload table in the distribution manager SAC over 
control bus 160 (block 620). While the SAC has been 
described with particular reference to the integrated net- 

s work of the invention, it will be appreciated that the SAC 
has separate utility and can be used in any system 
where conversion between synchronous signals and 
ATM is desired or where being able to agilely move be- 
tween various cell size configurations is desired. 

10 Referring to FIG. 1 , the composite cell ATM signal 
including telephony, video and data is delivered from the 
host terminal 12 to the distribution managers (DMs) in 
outside distribution plant 6. The size of each of the dis- 
tribution managers and of the ATM transport connec- 
ts tions from the host terminal 12 to the distribution man- 
agers is dictated by the number of lines to be hosted by 
the distribution manager and the traffic mix. An OC-48 
link 72 connects the host terminal 1 2 to a large distribu- 
tion manager 70 in a point-to-point connection that hosts 

20 between approximately 64 and 2K lines 74. An OC-12 
link 76 connects the host terminal 12 to medium distri- 
bution managers 78 arranged in a SONET ring connec- 
tion where the signals are delivered from the upstream 
distribution manager to the adjacent downstream distri- 

25 bution manager. Each medium distribution manager 78 
hosts between approximately 1 6 and 64 lines 80 and up 
to approximately 8 distribution managers per OC-12 
ring. Finally, small distribution managers 82 capable of 
hosting from approximately 1 to 1 6 lines 89 are connect - 

30 ed to the host terminal 1 2 over OC-3 links 86. Approxi- 
mately 16 small distribution managers arranged in a 
SONET ring configuration can be supported. Note, the 
distribution managers can also be arranged in a hierar- 
chical configuration where a large distribution manager 

35 70 hosts one or more medium distribution managers 78 
or small distribution managers 82 or where a medium 
distribution manager hosts one or more small distribu- 
tion managers as illustrated in FIG. 1. Moreover, as 
shown in FIG. 1 a larger distribution manager can host 

40 a ring of smaller distribution managers, if desired. The 
actual maximum capacity of a distribution link depends 
upon traffic statistics, fault tolerance considerations and 
margin for growth. 

Referring more particularly to FIG. 7, a medium dis- 

45 tribution manager 78 is illustrated consisting of a SON- 
ET interface 90 for providing the physical interface be- 
tween the OC-12 link 76 and the ATM switch fabric or 
router. The ATM signals are delivered from the SONET 
interface 90 to ATM switch fabric 92 where the cells are 

50 distributed to the appropriate destination. Specifically, 
the ATM switch fabric 92 routes the cells to one of sev- 
eral ports 94 based on the content of the cell headers 
as is known in the art. Selected ones of the ports 94 are 
connected to broadband interfaces or line cards 96 for 

55 routing data and video cells to the appropriate broad- 
band drops 104 connected to CPEs 10. Narrowband 
composite cells, as indicated by the header address : are 
routed to a SAC 98 disposed between the ATM switch 
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fabric and the telephony interfaces or line cards 100. 
The SAC 98 is constructed and operates in the same 
manner as SAC 64 of the host terminal 32 to convert the 
ATM cells to synchronous signals in the downstream di- 
rection and to convert synchronous signals to ATM cell 
in the upstream direction except that the SAC 98 does 
not make independent decisions regarding cell config- 
uration, rather it reacts to the decisions made by SAC 
64. The synchronous voice signals are delivered to te- 
lephony interfaces 1 00 that are connected to the teleph- 
ony line drops 102. If the network of the invention is to 
support wireless or personal communication services 
(PCS), the data or video cells and telephony cells are 
delivered to a wireless interface 110 that transmits the 
signals to RF transceivers, antennas and control logic 
at cell site 1 1 2. A control processor 1 08 controls the ATM 
cell routing, bandwidth management functions, signal- 
ing functions and test functions as known in the art. The 
large distribution managers and small distribution man- 
agers have a similar construction except that the 
number and bandwidth of facilities are increased or de- 
creased to increase and decrease the capacity of the 
devices, respectively, and the small distribution manag- 
er may not require facility redundancy. 

Referring to FIG. 1B, as shown generally at 183 it 
is further contemplated that the ATM voice ; video and 
data from host terminal 32 be delivered through an an- 
alog outside distribution plant 177 (such as atypical hy- 
brid fiber-coaxial (HFC) tree and branch configuration) 
to fiber node 170 and then to a small distribution man- 
ager 1 82 located at or near the customer premise via a 
coaxial link 172. The distribution manager 182 is similar 
to the distribution manager described with reference to 
FIG. 7 except that the SONET interface 90 is replaced 
by an RF receiver and an I EEE 802. 1 4 medium access 
protocol (MAC) 174. In this scenario, ATM composite 
cells for narrowband signals are assembled/disassem- 
bled at the MAC 1 74 located in the host terminal 32 and 
at the small DM 1 82. These ATM composite cells togeth- 
er with other ATM signals (video/data/signaling) are 
converted to an analog ATM signals using the proposed 
IEEE 802. 14 medium-access protocol (MAC) 174 at the 
host terminal and converted back to standard ATM cells 
by a MAC 1 74 located in the small distribution manager. 
Except for the analog distribution medium and protocol, 
the scenario would be identical as that defined above. 
It can be appreciated that a plurality of composite cells 
for narrowband services could be formed at the fiber 
node 170 for all subtending traffic or for each coaxial 
drop which supports a plurality of customers. It will also 
be appreciated that the composite cell could be support- 
ed on a per customer basis. Finally, it is also envisioned 
that a SONET link 175 could carry digital ATM traffic to 
the fiber node 170. In this configuration, the composite 
cell would be assembled/disassembled at the fiber node 
by MAC 174 rather than at the host terminal. 

It is to be understood that the above description is 
only of one preferred embodiment of the invention. Nu- 



merous other arrangements may be devised by one 
skilled in the art without departing from the scope of the 
invention. The invention is thus limited only as defined 
in the accompanying claims. 



Claims 



1. A telecommunications network, comprising: 

10 

means for delivering synchronous signals; 
means for delivering asynchronous transfer 
mode, hereinafter designated "ATM", cells car- 
rying broadband signals; 
15 means for converting the synchronous signals 

into ATM cells; 

means for combining the ATM cells carrying 
synchronous signals and the ATM cells carry- 
ing broadband signals. 

20 means for delivering the combined ATM cells 

from the means for combining to customer 
premise equipment, said means for delivering 
includes a distribution manager including 
means for routing said ATM cells and means 

25 for converting selected ones of said ATM cells 

back into said synchronous signals. 

2. The telecommunications network of claim 1, 
wherein said means for delivering synchronous sig- 

30 nals includes a switching system. 

3. The telecommunications network of claim 2, 
wherein said switching system communicates with 
the public switched telephone network. 

35 

4. The telecommunications network of any of the 
preceding claims, wherein said means for deliver- 
ing ATM signals includes a broadband switching 
system. 

40 

5. The telecommunications network of any of claims 
1 to 3, wherein the means for delivering ATM cells 
carrying broadband signals includes the Internet. 

45 6. The telecommunications network of claim 4, 
wherein the broadband switching system delivers 
broadband video and data from video and data 
servers. 

50 7. The telecommunications network of any of the 
preceding claims, wherein said means for combin- 
ing the ATM cells carrying synchronous signals and 
the ATM cells carrying broadband signals includes 
first means for receiving the ATM signals from said 

55 means for delivering ATM signals, second means 
for receiving the synchronous signals from said 
means for delivering synchronous signals, and 
means for delivering ATM cells from said first and 
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second means. 

8. The telecommunications network of claim 7, 
wherein said second means for receiving the syn- 
chronous signals includes the means for converting 5 
between synchronous signals and ATM cells. 

9. The telecommunications network of claim 8, 
wherein said means for converting between syn- 
chronous signals and ATM cells includes means for io 
defining the configuration of the ATM cells in re- 
sponse to traffic levels in the system. 

10. The telecommunications network of claim 9, 
wherein the means for defining the configuration in- 15 
eludes means for altering the number of connec- 
tions per cell and the number of samples per con- 
nection. 

11. The telecommunications network of claim 10, 20 
wherein the means for altering the number of con- 
nections includes a payload table for defining the 
cell configuration and means for changing the con- 
tents of the payload table. 

25 

12. The telecommunications network of claim 11, 
wherein the means for changing the contents of the 
payload table includes means for determining the 
number of required connections. 

30 

13. The telecommunications network of claim 12, 
wherein bandwidth is either 

a) increased when the number of required con- 
nections is greater than the number of connec- 35 
tions defined in the payload table; 

b) reduced when the number of required con- 
nections can be accommodated by a different 
cell configuration using less bandwidth; or 

c) increased or decreased by comparing the 40 
number of required connections to the number 

of connections defined in the payload table. 

13. The telecommunications network of claim 12, 
wherein an additional cell stream is created when 45 
the total number of connections exceeds the maxi- 
mum capacity of the existing cell. 

14. The telecommunications network of any of the 
preceding claims, wherein said distribution manag- so 
er selectively routes said combined ATM cells to a 
means for converting selected ones of said ATM 
cells, to broadband interfaces or to a telephony in- 
terface based on address headers in the ATM cells. 



nous signals to the telephony interfaces. 

16. The telecommunications network of any of the 
preceding claims ; wherein a plurality of said distri- 
bution managers are connected in a ring configura- 
tion. 

17. The telecommunications network of any of 
claims 1 to 15 wherein a plurality of distribution 
managers are provided, said distribution elements 
being of different sizes for hosting variable number 
of line drops. 

18. The telecommunications network of claim 17, 
wherein said different sized distribution managers 
are arranged in a hierarchical configuration where 
a larger distribution manager hosts one or more 
smaller distribution managers. 

19. The telecommunications network of claim 16, 
wherein the ring configuration of said distribution 
managers is hosted by another ring configuration of 
a second plurality of distribution managers. 

20. The telecommunications network of any of the 
preceding claims wherein said means for delivering 
the combined ATM cells from the means for com- 
bining to customer premise equipment further in- 
cludes means for converting the ATM cells to analog 
ATM signals and means for delivering said analog 
ATM signals via a coaxial link. 

21. A method for delivering synchronous and asyn- 
chronous transfer mode payload in an integrated 
telecommunications network, comprising: 

delivering synchronous signals; 
delivering asynchronous transfer mode, here- 
inafter designated "ATM", signals; 
combining the synchronous signals and ATM 
signals in ATM cells; 

delivering the ATM cells to customer premise 
equipment, said step of delivering including the 
steps of routing said ATM cells and converting 
selected ones of said ATM cells back into said 
synchronous signals. 

22. The method of claim 21 , wherein said synchro- 
nous signals are delivered from a switching system. 

23. The method of claim 22, wherein said switching 
system communicates with the public switched tel- 
ephone network. 



55 24. The method of any of claims 21 to 23, wherein 

15. The telecommunications network of claim 14, said ATM signals are delivered from a broadband 

wherein said means for converting selected ATM switching system, 
cells to synchronous signals delivers the synchro- 
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25. The method of claim 24, further including the 
step of delivering the broadband video and data 
from video and data servers to said broadband 
switching system. 

5 

26. The method of any of claims 21 to 25, wherein 
said step of combining the synchronous and ATM 
signals includes the steps of receiving the ATM sig- 
nals and the synchronous signal, and delivering 
ATM cells. 10 

27. The method of claim 26, further including the 
step of converting the synchronous signals be- 
tween synchronous signals and ATM cells. 

15 

28. The method of claim 27, wherein the step of con- 
verting between synchronous signals and ATM cells 
includes the step of defining the configuration of the 
ATM cells in response to traffic levels in the system. 

20 

29. The telecommunications network of claim 28, 
wherein the step of defining the configuration in- 
cludes the step of altering the number of connec- 
tions per cell and the number of samples per con- 
nection. 25 



payload table for defining the cell configuration and 
means for changing the contents of the payload ta- 
ble. 

34. The apparatus of claim 33, wherein the means 
for changing the contents of the payload table in- 
cludes means for determining the number of re- 
quired connections. 

35. The apparatus of claim 34, wherein the means 
for determining the number of required connections 
includes means for determining requests for con- 
nections and disconnections. 

36. The apparatus of any of claims 32 to 35, further 
including a processor for changing the contents of 
the payload table. 



30. The method of claim 29, wherein the step of al- 
tering the number of connections includes the step 
of defining the cell configuration by comparing the 
number of required connections to the number of 30 
connections defined in the payload table. 

31. The method of any of claims 21 to 30 wherein 
said step of delivering the ATM cells to customer 
premise equipment further includes the step of con- 35 
verting the ATM cells to analog ATM signals and de- 
livering said analog ATM signals via a coaxial link. 

32. An apparatus for generating asynchronous 
transfer mode, hereinafter designated "ATM", cells 40 
comprising: 

means for receiving synchronous time slots 

over a plurality of transmission numbers; 

means for framing said synchronous time slots 45 

relative to a system clock; 

means for ordering said synchronous time 

slots; 

means for creating ATM cells from said ordered 
synchronous time slots including means for so 
mapping the synchronous time slots into an 
ATM cell payload and applying an ATM header 
to each payload, said means for mapping being 
responsive to the number of required connec- 
tions. 55 



33. The apparatus of claim 32, wherein the means 
for mapping the synchronous time slots includes a 
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